The association of ethnicity and obesity has been documented in a number of studies mainly in the US and UK, with a higher risk of obesity being consistently reported among black women, compared with whites. [1] [2] [3] [4] [5] Obesity is also associated with lower socioeconomic position (SEP) across more and less-developed societies; 6-8 this association is stronger and more consistently observed among women than among men. 3,7,9 Socioeconomic differences, however, did not completely explain the ethnic gradients in several studies. 10, 11 In Brazil, a marked increase in the prevalence of overweight and obesity has been detected since the mid-1970s. 12,13 During the 1990s, the social patterning of the obesity epidemic showed complex relationships: for example, the risk of obesity in men increased with income, but not with education; among women, those better-educated had a lower risk of being obese, and an inverse association of income with obesity was limited to the poorest region of the country. 14 Despite the great burden of obesity, the determinants of adult weight change have not been fully characterized. Ethnicity, age, and initial degree of overweight are correlated with weight change over time. 1,2 To our knowledge, no published report has IJE vol.33 Background Adult weight gain is generally associated with ethnicity of African descent, in addition to low socioeconomic position (SEP), but little information is available from the African diaspora in less-developed countries. We evaluated ethnic differences in adult weight change and the role of life course SEP in those differences.
focused on the role of ethnicity on obesity or weight change in Brazil, notwithstanding the fact that it has the largest population of African descendants outside Africa, and that mounting empirical evidence indicates that this population is disproportionately situated in the poorer segments of Brazilian society. 15 The Pró-Saúde Study aims at investigating the influence of the various dimensions of social position on health-related outcomes among university civil servants in Rio de Janeiro, Brazil. In this paper, we report gender-specific associations of ethnicity with weight change in adult life, and the roles of early and later-life socioeconomic disadvantage in those associations.
Methods

Participants
Our subjects were participants in two stages of baseline data collection (1999) (2000) (2001) ) of a cohort study (the Pró-Saúde Study) of non-faculty civil servants at a university in Rio de Janeiro, Brazil. All 4428 employees were invited to participate; the response rate was 73% (3249). The current analyses are based on 2594 participants (1496 women), after exclusion of those with missing data (260) on weight or height measurements, reported weight at age 20, or ethnicity, and of those who were pregnant, reported ethnicity as Asian or Indigenous, or were outside the age range 30-70 years. In multivariate models of weight gain only those with complete data on all covariates were included in the models (2043/2594; 78%); compared with these participants, those with missing data in any covariate were similarly distributed by ethnicity, and had similar patterns of weight gain. Approval was obtained from the University ethics committee.
Measures
Weight (kg) and height (m) were measured with participants wearing light clothes and no shoes. Trained nutritionists used digital scales with 0.1 kg precision and 150 kg capacity, and a platform with an attached measuring bar with precision within 0.1 cm, according to standardized methods.
Participants filled out a self-administered questionnaire, which included questions on weight at age 20 and on ethnic selfidentification. The latter was assessed in two ways: first, participants could answer an open-ended item with any term they wished ('In your opinion, what is your colour or race?'); second, at the end of the questionnaire, participants were asked to choose among the Brazilian census ethnic categories (White, 'Pardo' [Mulatto], Black, Asian, and Indigenous). In the current analyses, we utilized the responses to this open-ended item. These responses were initially grouped into nine categories comprising 97% of the original responses. Subsequently, these categories were regrouped into three strata: white, mulatto (adding up mulatto, brown, mixed, moreno) and black (black, negro, African, dark), according to the published work. 16 Questions on other characteristics included: father's and mother's education, age started working, perceived family economic situation at age 12, own education, occupational class according to the EriksonGoldthorpe-Portocarrero scheme, 17 household income and number of people living on that income, home and car ownership, and marital status. Women provided additional information on age at menarche, number of live births, history of breastfeeding, and menopausal status.
Statistical analysis
Body mass index (BMI) was calculated as weight (kg)/height (m) 2 . BMI at age 20 was based on height at study entry and selfreported recall of weight at age 20.
Analyses were conducted separately for each gender. We calculated, for each ethnic group, the mean BMI and prevalence of obesity (BMI ജ30 kg/m 2 ) 6 at age 20, the mean weight change per year, and the age-adjusted mean BMI and obesity prevalence at study entry.
Annual average weight change since age 20 (measured weight at study entry minus reported weight at age 20/age at study entry minus 20) was analysed as a continuous variable. Associations of ethnicity with annual average weight change were analysed through multiple linear regression.
After initial adjustment for age and BMI at age 20, models sequentially included height and other markers of early socioeconomic characteristics, later-life socioeconomic characteristics, and marital status. For women, a final model included reproductive life characteristics. Statistical analyses were performed with SPSS for Windows version 10.
Results
On average, black men and women were older and reported lower levels of markers of early and later-life socioeconomic characteristics compared with white participants (Table 1) . Mulattos tended to occupy an intermediate position in relation to these characteristics, with prevalence estimates in general closer to those of blacks than of whites. Regarding overweight or obesity, that same ethnic pattern was observed only among women; the prevalence of BMI ജ25 kg/m 2 was approximately 60% and 41% for white men and women, 61% and 54% for mulatto men and women, and 64% and 59% for black men and women, respectively.
Female participants at age 20 had a mean BMI of nearly 21 kg/m 2 across ethnic groups, and prevalence rates of obesity ranging from 0.7% (whites) to about 2% (blacks) ( Table 2) . Males had a similarly low prevalence of obesity at age 20. In spite of the very small numbers observed in each ethnic group, a higher proportion of white men was reportedly obese at early adulthood, in contrast to the opposite ethnic gradient among women.
At study entry, both black and mulatto women had higher age-adjusted mean BMI (nearly 27 kg/m 2 ) and obesity prevalence (about 25% and 20%, respectively) than whites (nearly 25 kg/m 2 , 14%), and higher weight gain during adult life (0.72 kg/year and 0.66 kg/year versus 0.55 kg/year, respectively). Males' age-adjusted mean BMI (range about 26-27 kg/m 2 ), obesity prevalence (range about 15-19%) , and weight gain during adult life (range 0.67-0.71 kg/year) tended to be more homogeneous across ethnic groups (Table 2) .
Compared with white women, black and mulatto women gained, respectively, an average excess of 160 g (P Ͻ 0.0010) and 120 g (P = 0.002) per year during adult life, after adjusting for age and BMI at age 20 (Table 3 , model 3). Among men, there was no statistically excess weight gain among blacks (P = 0.22) and mulattos (P = 0.19) compared with whites.
The estimates of excess weight gain for black and mulatto women decreased by about one-third after adjustment for markers of participants' early and later-life SEP (models 4, 5).
There was no further change with adjustment for marital status (model 6) and reproductive life characteristics (model 7). In our final models, a statistically significant excess weight gain was still observed among black women, and one of borderline significance among mulatto women, compared with whites.
Among men, there was some reduction in the regression coefficients with the inclusion of the same markers of later-life SEP; however, these coefficients were of small magnitude, and none was statistically significant.
There was no evidence of additive or multiplicative interactions between ethnicity and markers of SEP. The exclusion of 169 participants (6.5% of total) who lost weight during adult life from the multivariate analyses did not substantially change the above results.
Discussion
In this study of Brazilian civil servants, black and mulatto women gained an excess of 1.6 kg and 1.2 kg, respectively, per 10 years of adult life, after adjustment for age and BMI at age 20. The inclusion of markers of both early and later-life SEP in multivariate models reduced but did not eliminate these ethnic gradients. In contrast, among men, there was no statistically significant association between ethnicity and weight change. One source of concern is the possibility that some misclassification of ethnicity might have occurred because of the tendency of Brazilians of African descent to 'whiten' their self-report, as was observed during the 1960s and 1970s. 18 However, according to recent studies this behaviour is not as frequent as it might have been in the past especially in the most developed regions of the country (such as Rio) and among younger birth cohorts (such as our study participants). 16, 19 In addition, it has been shown that existing fluidity in self-reported ethnicity in Brazil is contextual, as opposed to more fixed concepts observed in the US. 20 Thus, it is likely that in a health survey the misreporting of ethnicity would be negligible when compared, for example, with the context of a job application. 21 It should be noted that although our data originated from a specific population of civil servants, its ethnic distribution (blacks, 16%; mulattos, 30%; whites, 54%) was very similar to that of the general population in the State of Rio de Janeiro (blacks, 12%; mulattos, 27%; whites, 61%). 22 It is possible, however, that the association of weight change and ethnicity differs in the poorest segments of the population, which are not included among these civil servants.
Because of the cross-sectional nature of the data, our estimates of participants' weight change included retrospectively reported weight at age 20. Although the ethnic gradients might have been affected by differential reporting error, two indirect sources of evidence suggest that this is unlikely to have been a sizeable problem. First, the test-retest reliability of the reported weight at age 20, measured 2 weeks apart, was similar across ethnic strata: intraclass correlation coefficients (ICC) of 0.94 for blacks, 0.94 for mulattos, and 0.95 for whites; second, the ICC for the agreement between reported (in questionnaire) and measured weight at entry were 0.98 for blacks, 0.99 for mulattos, and 0.99 for whites. These estimates were similar for men and women.
To our knowledge, this was the first investigation of the association between adult weight change and ethnicity of African descent conducted in a less developed society. Similar excess weight gain among blacks was observed in US studies. 1,2,10 However, those reporting the role of SEP position in this association limited the assessment to a single dimension, e.g. education. 10 We utilized several markers of both early and later-life SEP to better evaluate their impact on ethnic gradients.
In addition, we made the distinction between different perceived skin colour among people of African descent, which has been considered to be socially relevant in the Brazilian case. 23 This distinction has enabled us to observe that, among women, being mulatto or black had a somewhat different impact on weight change, compared with whites.
Weight gain during adult life is ultimately the consequence of sustained positive energy balance deriving mainly from higher calorie intake and/or reduced physical activity. 6 When macrostructural processes favour sedentarism and consumption of energy-dense food (MacDonald's, one of the main fast food chains worldwide, is the largest private employer in Brazil 24 ), social disadvantage is associated with fewer resources for individuals opting for healthier lifestyles regarding dietary and physical activity patterns. 25 Our results are consistent with the hypothesis that ethnicity-an overlooked dimension of the obesity epidemic in Brazil-was related to different socioeconomic trajectories, thus representing one of the axes of social adversity associated with weight change among females. Whatever the complex of factors linked to increased obesity, these exposures were patterned by ethnicity and gender. Socioeconomic disadvantage of blacks and mulattos results from persisting discrimination against them in Brazil, 15, 23 despite the absence of legal segregation after the late abolition of slavery in 1888 and the pervasiveness of a 'racial democracy' myth. 23 Our results suggest that black and mulatto women, who at the start of their lives already combine two sources of social disadvantage (ethnicity and gender), may have been more vulnerable to the risk of weight gain superimposed by lower SEP across early and later-life course.
Among black and mulatto women, compared with whites, an increased risk of weight gain persisted after inclusion of socioeconomic and sociodemographic characteristics in the models. These characteristics, however, were only partially captured by our available indicators, which may also suffer from nonequivalence across ethnic groups. 26, 27 Moreover, we did not directly measure the effects of ethnicity-based discrimination on chronic stress, which has been observed to be associated with weight gain through cortisol metabolism. 28 The possible role played by a 'thrifty gene' associated with lower resting energy expenditure in people of West African diaspora remains to be elucidated. 29 Based on cross-sectional patterns of health-related behaviours, ethnic disparities in weight gain in our female study population are not likely to decrease. Patterns of leisure-time physical activity, for example, could help narrow the ethnic gap in weight gain that has occurred so far. However, among women, 58% of whites, 68% of mulattos, and 67% of blacks reported no such activity during the 2 weeks previous to study entry.
In addition, ethnic differences in obesity in the Brazilian population at large may actually widen over time. Although in our study reported past obesity at early adulthood was rare, the increase in the prevalence of childhood overweight in Brazil, in recent years, has been of a similarly high magnitude to the US. 30 Because Brazilian black and mulatto children occupy the most socially disadvantaged population strata (60% living below the poverty line 31 ), the ethnic gap in obesity may widen due to its tracking into adult life 32 and to the association between parental and offspring obesity. 33 Also, an earlier onset of obesity may lead to poorer socioeconomic trajectories 6 further affecting health status.
Weight gain is associated with an increased risk of developing insulin resistance syndrome 34 and subclinical atherosclerosis, 35 and overweight increases the risk of hypertension, diabetes, and ischaemic heart disease. 36 Potentially, medical counselling might promote health-related behaviours needed to maintain the appropriate weight. 37 However, to have a positive impact on undesirable ethnic gradients in weight gain, medical care should not be influenced by ethnic discrimination. As elsewhere, 38 this may not be the case in Brazil: in Pelotas 39 and in Rio de Janeiro (MC Leal, personal communication, 2002), for instance, black women more frequently than whites reported what is considered substandard obstetric care.
Our findings suggest that efforts to control the obesity epidemic should consider complex associations of weight gain with distal determinants such as socioeconomic disadvantage, gender inequalities, and ethnic discrimination. Our results further indicate that categories of ethnicity utilized in epidemiological studies should reflect specific social meaning. For example, the non-white/white dichotomy does not capture the heterogeneity that exists among ethnic groups in Brazil and would not be sufficient for generating more detailed knowledge on the relationship between ethnicity and weight change. Finally, we believe that research focusing on multi-ethnic societies such as Brazil may shed light both on specific societal features of ethnicity-based discrimination-a historical, ever-changing phenomenon 40 -and on its potentially wide-ranging health consequences.
